Abstract: Diet variation of the long-eared owl (Asio otus Linnaeus, 1758) was investigated on the basis of pellets collected in winter season 2007/2008 from a communal roosting site in a municipal cemetery in Rzeszów (a city in south-eastern Poland). We assumed that the proximity of human settlements would affect the diet composition of this predator, resulting in a higher proportion of species associated with urban habitats. Although voles, especially the common vole Microtus arvalis, were still the most important prey, mice constituted approximately 17% of all prey items, with the field mouse Apodemus agrarius being most frequent. Food niche breadth was wider in December than in March. Our results suggest that owls from Rzeszów hunt mostly in open habitats surrounding the city, where they can still capture their basic prey species. Yet, they can broaden their diet with species of murids associated with the mosaic urban and suburban habitats.
INTRODUCTION
In the last decades we could observe intensified development of human-created, artificial environments. This destroyed natural habitats, forcing some species to abandon the area of human activity, but could also generate new ecological niches for many species that were flexible enough to sustain vital populations in the vicinity of humans (Luniak 2004) . The long-eared owl (Asio otus) is known to cope well with human presence and frequently roosts near human settlements. This species is considered a feeding specialist. Its most important prey in Central Europe is the common vole Microtus arvalis (birrer 2009). However, the diet of the long-eared owl varies in the degree of domination of this rodent and the occurrence of supplementary prey species (CZarneCki 1956 ). The diet composition was investigated in relation to ambient temperature and precipitation (rubolini et al. 2003) , type of occupied habitat (roManoWski & ŻMihorski 2008) , and long-term fluctuations in prey abundance and availability (korpiMäki 1992; toMe 2003) . However, the majority of European research was conducted in the central and western parts of the continent (KorpiMäki 1992) in rural or forested areas. Relatively few authors investigated the diet composition of owls roosting in urban areas (riegert et al. 2009; kiat et al. 2008 ) and very few (such as nilsson 1981; toMe 2009) have highlighted substantial seasonal variations in the diet of the long-eared owl. Consequently, there is an insufficient amount of information about the diet of owls roosting in the urban environment. The most important difference between farmland and the urban environment is that vole abundance is higher in the former (Čiháková & Frynta 1996 (Čiháková & Frynta , cited from riegert et al. 2009 ). Thus vole-eating predators are forced to hunt outside the city and/or feed on alternative prey (riegert et al. 2009) . Some indications of a winter dietary adaptation to man-made environments have been reported (e.g. a dominance of the house mouse Mus domesticus and brown rat Rattus norvegicus or an increase in the contribution of birds to the diet) (WiJnandts 1984; pirovano et al. 2000; Sándor & kiss 2008) . Although the diet of long-eared owls seems to be quite well-studied (partly because they use communal roosts in winter where it is easy to collect a sufficient number of pellets), their diet composition was mainly investigated in central or western parts of Poland (CZarneCki 1956; harMata 1969; sałata-piłaCińska & tryJanoWski 1998; skierCZyński 2003; roManoWski & ŻMihorski 2008) . Two studies were conducted in the south-east of Poland, but in an agricultural landscape (kitoWski et al. 2005; WiąCek et al. 2008 ). In the south-east, populations of potential prey species are difIn the south-east, populations of potential prey species are different. For example, populations of the common vole are larger and very abundant occurrence is more frequent (RoMankov-ZMudoWska & grala 1989) .
The main aim of this study was to report on the diet composition of long-eared owls roosting communally in the urban environment of Rzeszów (SE Poland) in the winter season.
MATERIAL AND METHODS
The roost site, occupied by 12-15 owls during winter (October 2007 until April 2008 , was located in the central part of the municipal cemetery (surface area 19 ha) in the eastern part of Rzeszów (SE Poland, 50.0436°N, 22.0428°E). From the north, the cemetery was bordered by cultivated arable fields, meadows and gardens, which stretched for about 1 km and further away were replaced by built-up areas of the northern part of the city. The eastern part of the cemetery was edged by meadows and abandoned gardens for about 1 km and further away they were replaced by monoculture farming. The southern and western parts of the cemetery were adjacent to built-up areas of the city, which spread for more than 6 km south and west.
The study was carried out during one winter season and pellets were collected twice, with a 3-month interval: at the end of December 2007 (221 pellets) and at the end of March 2008 (808 pellets). The pellets found were not older than 1.5 months. Standard methods for pellet analysis were used (raCZyński & rupreCht 1974) . Prey was identified on the basis of lower jaws, skulls, and teeth according to the identifica- 
RESULTS
The diet of long-eared owls in Rzeszów was composed nearly exclusively of small rodents (99%). Birds, shrews and insects constituted less than 1% of all prey. The dominant group were voles (Arvicolinae), both with regard to the number of prey individuals and biomass (Table 1) .
Among the vole specimens identified to the species level, the common vole Microtus arvalis was the most important prey. Other species (the field vole Microtus agrestis, the European pine vole Microtus subterraneus, and the water vole Arvicola terrestris) were much less frequent. Murids remained the second important prey category. Among them, the field mouse Apodemus agrarius was the most frequent prey, with a higher frequency in December. Less frequent were the harvest mouse Micromys minutus and the yellow-necked mouse Apodemus flavicollis. Birds constituted only 0.2% of all prey individuals. Proportions of the major prey species (Microtus arvalis, Microtus subterraneus, Apodemus agrarius, Micromys minutus, Apodemus flavicollis) between the 2 samples differed significantly (χ 2 = 17.6, df = 4, P = 0.001). When all prey was categorized as voles or mice (including unidentified Microtus sp. and Apodemus sp.), the proportions between the 2 samples also differed significantly (χ 2 = 17.5, df = 1, P < 0.0001). Food niche breadth was wider in December than in March (Table 1) .
DISCUSSION
The analysis of pellets collected in the cemetery in Rzeszów shows a strong domination of rodents in the diet of the long-eared owl. This result is similar to the results obtained by other authors investigating the diet of this owl species in Poland (CZarneCki 1956; JudZiński 1978; RoManoWski 1988; Sałata-PiłaCińska 1995; KopiJ 1998; ŻMihorski 2005; roManoWski & ŻMihorski 2008; WiąCek et al. 2008) . Like in the other studied localities of the long-eared owl, the main component of its diet in Rzeszów was the common vole Microtus arvalis.
We found a relatively large number of murids in the diet of the long-eared owl from Rzeszów. Their remains constituted almost 17% of all prey items, with a higher frequency in December than in March. The field mouse Apodemus agrarius consti-tuted more than half of all murids. In the study by ŻMihorski (2005) in Jelonki (central Poland), this species constituted 32.2% of all prey items and was the only species of mice caught by owls in that region. Like in Rzeszów, the pellets were collected during winter and the owl's roost site was in the proximity of an urban area. Long-eared owls can hunt in edge habitats within urban areas, such as wastelands along streams, power-line openings, and railway track verges (lövy 2007, cited from riegert et al. 2009). In Poland, A. agrarius is a species typical of agricultural field-forest edges (koZakieWiCZ et al. 1999) . Additionally, studies on small mammals in cities revealed that this species is captured most frequently in urban habitats (Chudoba et al. 1961; babińska-Werka et al. 1979; piłaCińska et al. 2004 ). The northern and eastern parts of the cemetery in Rzeszów are surrounded by arable fields and abandoned gardens, which together create a mosaic of habitats and therefore might host great numbers of field mice.
Significant differences were found between the 2 samples from the cemetery in Rzeszów. In December, the percentage contribution of voles to the diet was lower than in March, and the contribution of mice was higher. Similar results were obtained by other authors (CZarneCki 1956; WiJnandts 1984; ToMe 1994; rubolini et al. 2003; roManoWski & ŻMihorski 2008) . One of the explanations of these differences can be snow cover: when it is present, voles are much less available for avian predators than mice. This is because voles move more frequently under the snow, whereas mice prefer to move on the snow surface (JędrZeJeWski & JędrZeJeWska 1993) . In Rzeszów in 2007, first snow appeared in mid-November (16 cm deep). Thanks to low ambient temperature (minimum temperature -14ºC), it covered the ground for some time. In March 2008, snow was almost absent (G. Pitucha, unpubl. data). Additionally, owls may shift their hunting activity into woods, partially afforested areas and forest-field edges, where snow is usually shallower (Canova 1989) . Urban and suburban environment is composed mainly of edge habitats, where owls can hunt for alternative prey when snow is present. In our study, the snow cover was present in November and December, and the percentage of Murinae (especially of Apodemus agrarius, which prefers habitat edges) significantly increased in that period.
The frequency of birds in the diet of long-eared owls from Rzeszów was low. This contrasts with a study conducted in western Poland (JudZiński 1978) , where birds (including the house sparrow Passer domesticus) constituted 17.8% of all prey items. It is possible that the hunting area studied by the cited author was less abundant in common voles and the specialisation in bird hunting was a secondary effect. The same conclusion was suggested by ŻMihorski & reJt (2006) . When there is snow cover, the frequency of birds in the owl's diet can be even higher, because the owls can shift their hunting areas into urban habitats, where the availability and density of house sparrow populations are higher (WinJands 1984) . In Rzeszów, in spite of the proximity of a built-up area, birds were not an important prey. The low proportion of birds in the diet can indicate that owls did not hunt near buildings (laiu et al. 2002) or that owls from Rzeszów were not specialized in hunting that kind of prey. AdditiRzeszów were not specialized in hunting that kind of prey. Additiwere not specialized in hunting that kind of prey. Additionnally, the low number of birds in the diet can be also explained by the overall low winter abundance of birds in the area. Unfortunately, however, we lack data on the abundance of birds in Rzeszów in that period.
Food niche breadth was higher in December than in March (1.70 and 1.42, respectively). The observed slight increase in food niche breadth during the cold part of the year confirms the pattern recorded earlier in southern Europe (ToMe 1994) . It indicates that owls tend to broaden their diet and hunt for alternative prey when weather conditions are more severe.
